Abstract The UMTS radio frequency spectrum is a highly
continue to increase in the near and medium term, calling for more capacity and putting more and more pressure on the While the main investments in UMTS networks are currently spectrum availability. While the use of advanced signal for FDD mode operation, over 120 of the Europe's and Asia's processing techniques may enable a very efficient usage of largest mobile operators have spectrum that is specifically the spectrum even in the traditional framework of command allocated to 3G TDD technologies. In this paper we focus on and control spectrum policy, there is a worldwide the opportunistic use of UMTS TDD licensed spectrum, which recognition that these methods of spectrum management includes both the 1900-1920 MHz and the 2010-2025 MHz have reached their limit and are no longer optimal and new bands [7] . The TDD mode supports duplexing by allocating paradigms must be sought [1] . In fact independent studies time slots in a common frequency band. The TDD mode is carried out in different places (e.g. [2] ) have shown that most suited to micro and picocell environments and for wireless of the assigned spectrum is under-utilized. Thus the problem local loop applications. TDD facilitates an efficient use of is in most cases a problem of inefficient spectrum unpaired spectrum and supports data rates up to 2 Mbit/s using management rather than spectrum shortage. The QPSK modulation. Despite this efficient usage there is development of frequency agile terminals that can sense however opportunity for further advancements. Picocells are "holes" in the spectrum and adapt their transmission used mainly within buildings and are therefore often shielded characteristics to use these "holes" may provide one tool to by walls. This results in a natural limitation of the coverage address and take advantage of this spectrum underarea and consequently, it is possible to envisage some sets of 5 utilization. The evidence of the change and evolution in the MHz spectrum opportunities in the spatial dimension for approaches of spectrum management can already be seen in opportunistic use ofthe spectrum.
the development of the IEEE 802.22 cognitive radio based standard for fixed, point-to-multipoint, wireless regional area
In either mode, the signal transmission in UMTS is based on networks that operates on unused channels in the TV direct sequence spread spectrum techniques, which poses VHF/UHF bands between 54 and 862 MHz on a nonadditional challenges when detecting the spectral opportunities.
interfering basis [3] . The detecting of "holes" and the As the power is spread over a bandwidth significantly higher subsequent use of the unoccupied spectrum is referred to as than the one needed with a non spread signalling scheme, opportunistic use of the spectrum. An Opportunistic Radio efficient detection techniques ensuring a very small probability (OR) is the term used to describe a radio that is capable of of miss detection and, in this way, to avoid the "hidden such operation [4] .
terminal to be assured to license owners, otherwise, licensed users are not likely to be willing to share their spectrum with others. Intuitively In this paper we focus on the local sensing of UMTS TDD Pfa is independent of the SNR, since under the Ho hypothesis there signals. As a basic assumption we do not suppose any is no primary signal present. On the other hand, Pd is dependent on cooperation between the primary users (UMTS TDD) and the SNR of the received signal, which also depends on the radio the OR network. The paper is organised as follows: In channel conditions. The performance of a specific detection Section 2 the sensing requirements and the metrics technique may be characterized through Receiver Operation associated with the sensing process are discussed. In this Characteristics (ROC) curves, namely a plot ofPdvs. Pfa. section the cyclostationary detector is also introduced. In Section 3 the performance of the cyclostationary detector
The observation time, Tobs, required to guarantee a sufficiently low and its ability to detect UMTS TDD signals is evaluated Pm is a crucial metric to evaluate the ability of OR's ability not to through a range of simulations. Finally, in Section 4 disturb the primary user operation. The last requirement of note is conclusions are made and future challenges highlighted.
the computational complexity ofthe detection algorithm.
II. Sensing B. The Energy Detector
Because of the varying conditions of the channel due to The energy detector is a well-known technique to identify signal multipath propagation and shadowing, spectrum sensing can levels. The energy detector measures the received energy for become extremely difficult. In this section the metrics and selected time and frequency intervals and assumes that the signal requirements for sensing are defined.
plus noise (HI) has more energy than the noise only (Ho). The greatest advantage of the energy detector relies on its low A. Metrics and Requirements complexity. However there are several drawbacks [9] . The most important one is the fact that the energy detector needs to estimate The key issues in the opportunistic use of spectrum are the ability the noise power level before making decisions as to the absence or to accurately detect when spectrum is available and quickly presence of signals. Realistic limitations of the detector's knowledge release spectrum on the return ofthe primary users. The detection of the noise level power produce serious degradation in the energy of whether the spectrum is currently occupied by a primary user detector performance. In the UMTS case, due the low Power can be stated in terms of a binary hypothesis test, in which the Spectrum Density (PSD) of spread spectrum signal, the signal null hypothesis Ho corresponds to the absence of a signal (of the presence causes a very small fractional increase in the total energy, primary user) and the alternative hypothesis HI corresponds to the thus, uncertainly in the measurement ofthe noise seriously degrades signal presence. Instead of the power of the spectral line n, Z(n), we chose as The performance of the cyclic detector is proportional to the detection statistic the SNR measured in that spectral line. In the strength of the cyclic feature associated with the particular value energy detector case the signal power is given by (8) On the other hand, in practical implementations of the UMTS time slot; however we do not assume any cyclostationarity detector the Tobs is limited, so, the theoretical synchronisation between the OR and the UMTS terminal. limit given by (6) cannot be reached and there will be always a noise floor of Sw > 0, constant for all a # 0. In order to estimate complexity by using, for instance, a multi cyclic detector as simulations were carried out using the simulation chain presented defined in (11).
in Figure 1 If we consider a critical specification for local sensing to be a Pd Table 1 summarizes the main simulation's parameters used.
of 98 00, we can achieve this with Pfa =2000 for Tobs =300 ms Wihutls of gnraiy N is cosdee eqa to a legt of an or Pfa =35% for Tobs =30 ins. However, if we are able to double the detector's complexity (M= 2) it is possible to get achieve a Pd of 980 owith only a Pfa of 100 oand Tobs=30 ins. 
